crop is the sugar beet cyst nematode, Heterodera schachtii (1 ) 3. This nematode may cause serious yield losses in all soil types. In contrast, the widespread root-knot nematodes, Meloidogyne incognita and Meloidogyne javanica, are injurious to sugar beets primarily in sandy to sandy loam soils. The soil fumigant D-D (1, 3-dichloropro pene and 1, 2-dichloropropane) was used on sugar beet cyst nema tode shortly after its introduction in 1943. The effectiveness of D-D and Telone (1, 3-dichloropropene) for control of root-knot nema todes on sugar beets was reported in 1958 by Lear and Raski (7) . They also noted the complete collapse of sugar beets on untreated soil following the last irrigation of the season and suggested an addi tive relationship between root-knot nematodes and root rotting organisms.
A number of nonfumigant nematicides have recently been in troduced for nematode control. They have received extensive test ing for control of sugar beet cyst nematode (3,4 , 5, 6, 8) . A prelim inary report (9) has been made on combined use of fumigant and nonfumigant nematicides for root-knot nematode control.
Trials were conducted in the San Joaquin Valley, wh.ere root knot nematodes can severely damage sugar beets, to compare (a) the effectiveness of fumigant and nonfumigant nematicides, and (b) determine the value of combined use of fumigant and nonfumigant nematicides.
Materials and Methods
Two replicated field trials were established in 1974 and 1975 on sandy soils in Kern and Fresno Counties. In both trials plots were ITh a nks arf' du e David Woodruff, former Farm Advisor, Un iversity of California Coop era tive Exte nsion , Kern County; and Bill Fisc her, Farm Adviso r , Univers ity of California Coo perat ive E xtf'nsion, Frf' sn o County, for th eir coope ra ti on . The nonfumigant nematicides were applied one week after fumiga tion and just prior to planting using electrically driven Gandy appli cators and granular insecticide shoes. The materials were placed at furrow depth directly below the seed row after which the beds were relisted and planted with beet cultivar USH9B1.
The 1975 trial was located near Kerman in Fresno County on a Hesperia sandy loam . Materials were incorporated with the same equipment and techniques as used for the previous trial with the ex ception that 16 gall A of Telone (1, 3-dichloropropene) was ap plied. Some plots received a sidedress application of nonfumigant nematicide at layby in addition to the preplant treatment. The ma terial was placed three inches away from the young beets on both sides of the planted row at furrow depth using a Gandy applicator equipped with sidedressing shanks.
No preplant or preemergence herbicide was applied to either trial. The trial near Arvin was irrigated with sprinklers while the Kerman trial was furrow irrigated.
The plots were harvested with a one-row commercial harvester modified to harvest and weigh small plots. Data collected at harvest included plot weight and a 1-to-10 root-gall rating. Two tare samples were also collected from each plot at harvest to determine the clean beet and sucrose percentages and brei nitrate reading. In addition to the information collected at harvest, soil samples were taken from the Kerman trial during the growing season and just prior to harvest. Samples consisted of a composite of ten one-foot soil cores from the shoulders of the two center beds in each plot. Root-knot nematode larvae were recovered from 600-g soil using the method of Byrd et at. (2) .
Results
The trial conducted at Arvin showed that fumigation was markedly superior in controlling root-knot nematode than any other treatments (Table 1 ).
Fumigated plots with or without Temik yielded significantly more tonnage than the other treatments and the check. All treat ments were superior to the check . Temik at 4 lbs/ A increased yields over the check by 11.6 tons/A. However, the rate of 2 lbs/ A of Temik alone was not used to get an estimate of yield increase. Therefore, the contributions of this dosage of Temik to the 35.8 tons/ A of beets harvested on the soil treated with a combination of Temik and D-D can not be determined. The visual root-knot gall rating showed that applications of D-D in combination with Temik resulted in fewer galls on the roots than any other treatment. All treatments reduced galling in relation to the check. There were no significant differences between any of the treatments and the check in sucrose percentage.
No apparent beneficial effects were obtained from the addi tion of nonfumigant nematicides to fumigated plots in the trial at Kerman (Table 2) .
Fumigated plots yielded significantly more tons of beets and sugar per acre than plots treated with systemic materials and the check. Although Temik at 4 lbs/ A, Furadan at 6 lbs/ A increased yield of beets eight to nine tons per acre over those in the check, these increases were not statistically significant. Sucrose percentages were not significantly different between treatments and the check. Nematode counts and the root gall rating indicated greater nema tode populations and higher root gall ratings in the unfumigated plots.
Discussion
Information from these two trials shows that the fumigant nematicides are superior to the granulated nonfumigant nemati cides in increasing beet quality and sugar yield and decreasing root knot nematode populations under San Joaquin Valley growing con ditions. The fumigants were very effective in reducing root-knot populations before planting and populations remained low throughout the season. Some degree of control was attained with the granular nematicides early in the season. However, the level of (.J1
control achieved was not adequate to protect the beet root through out the long growing season (6 to 10 months) under ideal conditions for root-knot nematode development. Additional treatments applied at layby appeared to decrease nematode populations but did not influence yield. No significant additive yield increases could be attributed to granular nematicides applied either preplant or layby to fumigated plots. The lack of any additive benefit from nonfumigant nematicides was probably due to the effectiveness of fumigation and the lack of significant insect populations which these materials might have controlled.
The economics of treating to control root-knot nematode de pends on the crop value and cost of treatment. Based on a selling price of $25 per ton in 1974, fumigation resulted in a higher net return per dollar invested than nonfumigant treatments (Table 3) . Treating with Temik was more costly than fumigating and resulted in a lower dollar return.
Summary and Conclusion
I t is evident that yield increases can be obtained by using granular nematicides for root-knot nematode control. However, these materials were never as effective as fumigation and did not compete favorably with fumigation on an economic basis. No sig nificant additive benefits were obtained by applying granular ma terials in fumigated treatments either preplant or layby.
Based on these studies, the use of systemic, nonfumigant ma terials was no substitute for fumigation and should not be consid ered for root-knot nematode control. This is especially true for the hot interior valleys of California where beet roots must be protected from the combination of root galling and root rot during a long grOWIng season. 
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